We have conducted a sequencing project of human cDNAs which encode large proteins in brain. For selection of cDNA clones to be sequenced in this project, cDNA clones have been experimentally examined by in vitro transcription/translation prior to sequencing. In this study, we tested an alternative approach for picking up cDNA clones having a high probability of carrying protein coding region. This approach exploited 5'-end single-pass sequence data and the GeneMrak program for assessing protein-coding potential, and allowed us to select 74 clones out of 14,804 redundant cDNA clones. The complete sequence data of these 74 clones revealed that 45% of them encoded proteins consisting of more than 500 amino acid residues while all the clones thus selected carried possible protein coding sequences as expected. The results indicated that the GeneMark analysis of 5'-end sequences of cDNAs offered us a simple and effective means to select cDNA clones with protein-coding potential although the sizes of the encoded proteins could not be predicted. Key words: GeneMark analysis; protein coding region; single-pass sequences; cDNA sequencing; expression profile; chromosomal location; brain
We have performed a cDNA sequencing project for these 5 years.
1 ' 2 In particular, our sequencing efforts have currently been focused on cDNA clones encoding large proteins in brain. To achieve this, we constructed a set of strictly size-selected cDNA libraries and used in vitro transcription/translation for screening of cDNA clones according to their protein-coding capability. 3 Our strategy of cDNA analysis has worked well so far and many interesting genes have been discovered. However, the possibilitv of overlooking important genes cannot be excluded completely. Since clone redundancy of our cDNA library is relatively low, there are a number of genes whose cDNA clones appeared only once in our single-pass sequencing analysis. If these cDNA clones fail to produce proteins in vitro for reasons such as low quality of plasmids and lack of favorable translation start sites in clones, these genes will not be detected under the current strategy even though authentic mRNAs of these genes may encode large proteins. To minimize the risk of missing genes with the capability of coding for large proteins, we need another clone selection method which can complement the in vitro transcription-coupled translation system.
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We here report characterization of cDNA clones selected by analysis of 5'-end single-pass sequences with GeneMark analysis, which is one of the most common analyses for the prediction of protein-coding regions. 4 ' 5 By applying the GeneMark analysis for 14,804 singlepass 5'-end sequence data of human cDNAs, cDNA clones with high protein-coding potential at the 5'-end were first selected. Then, the cDNA clones thus selected were further examined in terms of their end sequences for retrieval of uncharacterized clones. As a result, we found 74 unknown human cDNAs and sequenced them entirely. The sequence data of these 74 newly identified genes provided us with an opportunity to evaluate this GeneMarkbased method as an alternative to experimental screening of cDNA clones according to their protein-coding potentials. Furthermore, the newly identified genes were analyzed in terms of chromosomal location, expression profile, and characteristics of the predicted protein sequences, as in our preceding studies.
Selection of cDNA Clones by GeneMark Analysis
To carry out the GeneMark analysis, we first extracted statistical characteristics of nucleotide sequences in hu- c) Values were calculated from the number of amino acid residues between two termination codons in the case where the in-frame termination codon exists upstream of the first ATG codon. d) Chromosome numbers identified by using GeneBridge 4 radiation hybrid panel unless specified. The chromosomal locations highlighted by asterisks were fetched from the UniGene database. The actual primer sequences and the PCR conditions used for the radiation hybrid mapping are accessible through the World Wide Web at http://www.kazusa.or.jp/huge. e) cDNA and ORF lengths were revised by direct analysis of the RT-PCR products. f) Nucleotide sequences were determined after subcloning of the internal Not I-digested fragment. Therefore, cDNA length of these genes represented those of internal Not I-digested fragment. man protein-coding regions from our sequence data of KIAA0269-KIAA0710 (http://www.kazusa.or.jp/huge). The detailed procedures of the GeneMark analysis were essentially the same as described previously, 5 except that only the sense strand sequences of cDNAs were used as a training data set. Taking advantage of the extracted statistical characteristics, we analyzed all the 5'-end singlepass sequences of cDNA clones including those that failed to produce large protein products in the in vitro assay. Our approach described in this study could identify cDNA clones with high protein-coding potential at their 5'-ends regardless of whether they are full-length or trun- 4) . The homologous protein with the highest score was listed, when it satisfied the following conditions, i) the protein was functionally annotated, ii) the aligned region exceeded 100 amino acid residues, and iii) percent identity in the algined region was 30% or greater. b) Function was classified based on the annotation of the entry of the homologous protein in the database. c) The values mean the ratio of the length of aligned region to the original length of the query sequence, in percentage.
cated. Since the 5'-untranslated region in human cDNAs is relatively short (<1 kb) in general, it is reasonable to expect that this analysis will allow us to detect cDNA clones with protein coding regions with high confidence. Although there were many cDNA clones carrying relatively long open reading frames (ORFs) at the 5'-end, these ORFs did not always correspond to actual protein coding regions and the GeneMark analysis allowed us to identify possible protein coding regions out of ORFs based on statistical characteristics of their nucleotide sequences. However, it should be noted that this analysis can not identify cDNA clones with long 5'-untranslated regions or retained introns at the 5'-end even if they carry long protein-coding regions internally.
By the GeneMark analysis of the accumulated 5'-end single-pass sequences of human cDNAs derived from sizefractionated brain libraries (library numbers 2-6), 3 1987 sequences were selected as having high coding potentialities (GeneMark score > 0.8) from 14,804 redundant 5'-end sequences. The cut-off GeneMark score used here might be too high to detect all the 5'-end sequences with protein coding potential, but it was necessary to keep the false-positive rate low. To minimize the number of overlooked clones, we thus combined another clone-screening method based on protein motif sequence, called motiftrap screening, 6 with the GeneMark analysis. Since spurious protein-coding regions were unlikely to be coincident with relatively complex protein sequence motifs, the combination of the motif search and the GeneMark analysis was expected to greatly reduce the frequency of falsepositives in the motif-trap screening as well as that of false-negatives in the GeneMark analysis. Accordingly, as another criterion for the clone selection, 5'-end sequences with GeneMark scores higher than 0.5 were subjected to motif search against the PROSITE database (release 15) without relaxed sequence motifs. 7 A cDNA clone with particular protein sequence motifs in the predicted protein-coding regions at the 5'-end were thus subjected to sequencing of entire cDNA insert even if its GeneMark score was lower than 0.8. The number of 5'-end sequences with GeneMark scores between 0.5 and 0.8 was 2892 in the same 5'-end sequence data described above, and 18% of them encoded particular protein sequence motifs.
After selection by the GeneMark analysis as described above, clones with unidentified sequences at both ends were further chosen by homology search against GenBank database (release 108.0) excluding expressed sequence tags and genomic sequences. 3 In consequence, 74 out of 1987 cDNAs selected by the GeneMark analysis were found to be unknown and then subjected to entire sequencing. Entire sequencing of these clones was performed according to the methods previously described in detail. 2 ' 3 In these 74 cDNAs, a clone for KIAA1125 was chosen due to the presence of a immunogloblin motif in the predicted protein-coding region at the 5'-end although the GeneMark score was only 0.69. The sequence data of other clones selected by the GeneMark analysis coupled with the motif-trap screening will be reported elsewhere (Nakajima et al., manuscript in preparation). 
Sequence Analysis and Prediction of ProteinCoding Regions in cDNA Clones
Physical maps of the cDNA sequences analyzed are shown in Fig. 1 , where the ORFs and the first ATG codons in respective ORFs are indicated by solid boxes and triangles, respectively. Repeat sequences are also shown in Fig. 1 . All the cDNAs were confirmed to harbor possible protein-coding regions (larger than 100 amino acid residues) as expected from their single-pass sequences. The percentage of clones that have proteincoding regions larger than 500 amino acid residues, which are hereafter called large proteins for simplicity, was 45% (33 out of 74 clones). We previously reported that only 20% of cDNA clones randomly selected produced large proteins in the in vitro transcription-coupled translation system 3 and that the percentage of clones with the coding potential for protein larger than 100 amino acid residues was roughly estimated to be 50% when they were selected according to specific chromosomal location. 8 Thus, the results indicated that the GeneMark analysis faithfully selected only cDNA clones carrying protein coding regions from a cDNA pool including many clones lacking protein coding regions. Although its statistical significance was uncertain, 60 out of the 74 cDNAs appeared to encode truncated proteins.
For these 74 cDNAs, the prevalence of internal Not I site-carrying clones was 26% (19 out of 74 clones) and this was considerably higher than that previously analyzed (4.7%). 9 Since these internal Not I site-carrying clones were products of intermolecular ligation through Not I sites during cloning, and thus were most likely artificial chimeras, we analyzed only the nucleotide sequences upstream from the internal Not I site because we selected these clones based on their 5'-end sequences. Accordingly, we hereafter describe only the sequences upstream of the internal Not I site for these clones. For this reason, the reported sizes of cDNA inserts of these internal Not I site-carrying clones inevitably became smaller (the average size, 2.4 kb) than those of other clones although the insert sizes of original cDNA clones were larger than 4 kb. Notably, clones for KIAA1176 and KIAA1188 seemed to lack regions encoding C-terminal portions due to the presence of an internal Not I site in their coding regions.
Seven clones (KIAA1167-KIAA1173) seemed to carry spurious coding interruption caused by errors of the reverse transcriptase or retained intron sequences. For these cases, the regions causing interruption of protein coding were examined by direct sequencing of the main products of reverse transcription-coupled polymerase chain reaction (RT-PCR). 10 These evaluations revealed spurious interruptions in the following clones: the protein-coding regions in clones for KIAA1167, KIAA1169, KIAA1171, and KIAA1172 were interrupted by two intronic sequences (1412 bp and 708 bp, 523 bp and 975 bp, 960 bp and 414 bp, and 719 bp and 845 bp, respectively); a clone for KIAA1168 included a frame-shift caused by a two-base deletion; and clones for KIAA1170 and KIAA1173 were found to carry single insertions probably corresponding to intronic sequences (1572 bp and 3023 bp, respectively). For those genes, the revised sequences by the RT-PCR experiments, not the actual cloned cDNA sequences, were deposited to GenBank/EMBL/DDBJ databases and used for analyses in this study including prediction of their protein coding sequences unless otherwise stated.
Another notable observation is the occurrence of cDNA clones primed with oligo dT primer not from the poly(A) tail of the 3'-end of mRNAs but from A-stretch sequences adjacent to repetitive sequences including Alu and LI. As shown in Fig. 1, 12 cDNA sequences carried repetitive sequences at their 3'-extreme end just upstream from the primer sequence, but without a consensus poly(A) addition signal sequence (AATAAA). Table 1 lists the lengths of cDNAs, the ORF lengths, and the chromosomal locations of the respective clones. Chromosomal locations of the newly identified genes were determined using human-rodent hybrid panels, GeneBridge 4 (Research Genetics Inc., USA), if their mapping data were not available in the UniGene database (http://www.ncbi.nlm.nih.gov/UniGene). The chromosomal locations of 33 genes, which are highlighted by asterisks in Table 1 , were fetched from the UniGene database while the remaining 41 chromosomal locations were experimentally determined in this study. For genes whose chromosomal locations were fetched from the UniGene database, we confirmed that the primer sets used for chromosomal mapping in the UniGene database were consistent with the sequences of the genes we identified.
Functional Classification and Expression Profiles of the Newly Identified Genes
Based on the sequence information of these newly identified cDNAs, we tried to classify genes according to possible functions of their gene products. Tables 2 and 3 show the functional classifications based on the results of homology searches and functional motif/domain searches on computer, respectively. The functions of the deduced proteins encoded by the newly identified genes could be classified into cell signaling/communication (21 genes), cell structure/mobility (7 genes), nucleic acid management (6 genes), protein management (2 genes), and metabolism (1 gene). For the remaining 37 genes, the functions of their products could not be assigned by computer analysis.
In addition, the expression profiles of these genes were also examined. The data are shown in Fig. 2 , where the expression levels are indicated by color codes as previously described. 11 Together with the functional classification described above, the expression profiles of these genes may offer us important clues as to their biological functions.
Concluding Remarks
The clone selection method using 5'-end single-pass sequence data and the GeneMark analysis allowed us to faithfully identify cDNA clones containing a proteincoding region even though their content was only 50% or less in the cDNA libraries examined. Therefore, this method can be used as an alternative to the in vitro transcription-coupled translation assay for selecting cDNA clones prior to sequencing of complete cDNA inserts. In fact, the GeneMark analysis successfully retrieved 33 cDNA clones which encoded large proteins that were overlooked in the previous screening using the in vitro assay. Furthermore, the combination of the GeneMark analysis with motif trap screening can be expected to offer us a more reliable way to identify cDNA clones coding for proteins with particular protein sequence motif or domain than the original motif-trap method. 6 Taking these results together, we considered inclusion of the GeneMark analysis in cDNA analysis to be quite beneficial, especially for accumulating protein-coding sequences through cDNA sequencing although this clone selection method could not specify the size of proteincoding region in cDNA.
